Abstract. The subgenus Marquesania Womersley (Acari: Atopomelidae: Listrophoroides) is revised. The species of this subgenus are permanent parasites living in the fur of rats (Rodentia:Murinae) in the Oriental region, Australia and New Guinea. Most of the type material has been examined. Two new species, Listrophoroides melomys, sp. novo from Melomys moncktoni (Thomas) and L. mordax, sp. novo from Rattus mordax (Thomas) are described from New Guinea. A new diagnosis of the subgenus Marquesania, detailed descriptions, and a key for all species is provided. The phylogenetic reconstruction ofthe subgenus Marquesania was effected by the method of parsimonius cladistics. The monophyly of the subgenus is strongly supported by this analysis, and most species from the Oriental region fall at the base ofthe c1adogram. The distribution ofMarquesania species on their hosts is discussed. It is suggested that these mites originated in the Oriental region and then migrated to Australia and New Guinea. The distribution of Marquesania species in the Australian and New Guinean regions is noticeably complicated, reflecting the complex settling history of their hosts.
Introduction
Mites of the family Atopomelidae (Acari:Astigmata) are permanent parasites of small mammals. They have developed elaborate organs for the attachment to the hairs of their hosts. Mites attach to hair by means of their anterior legs (e.g. Figs 3, 4) . During the process of clasping, the anterior legs of the mite embrace the hair of the host and press it against striated coxal membranes. The atopomelids are more commensals tha~true_parasites, because they feed on the secretions ofhair glands and, probably, do not damage their hosts. Most of the atopomelid subgenera or genera are restricted to certain families or subfamilies of their hosts (Fain 1994) ; therefore, these mites are a good model for an analysis of the phenomenon of parallel evolution between parasites and their hosts. However, published studies on atopomelid mites are strictly limited to descriptive systematics and faunistic investigations. Phylogenetic studies of these mites using cladistic approach have never been performed.
The Atopomelidae include 46 genera and about 360 species. The genus Listrophoroides Hirst is the largest genus of the family, including 16 subgenera and more than 150 species (Fain 1981) . These species are associated with rodents, shrews, tenrecs and primates and are widely distributed through the world (North and South America, Africa, Madagascar, the Oriental region, New Guinea and Australia). Extensive reviews ofthe genera and subgenera of Listrophoroides have been published by Fain (l972a,b, 1976 Fain (l972a,b, , 1981 .
The subgenus Marquesania Womersley is revised here. It included until now only six species and two sub&pecies, mostly associated with rats from the Oriental region, Australia and New Guinea (Fain 1981) . As mentioned above, the atopomelid mites are highly specialised permanent parasites and they show co-evolution relationships with hosts (Fain 1994) . Therefore, knowledge ofihe phylogeny and host ranges of the Marquesania species could provide indirect data on the phylogeny of their hosts (rats) and help to reconstruct the process of their dispersal from the Oriental region to Australia and New Guinea. After the present revision, this subgenus includes 13 species. In this paper, a new definition of Marquesania is proposed, all the known species are redescribed, and keys for males and females are provided. Moreover, phylogenetic analysis of this subgenus is performed using a ciadistic approach. The distributions of the species and their hostparasite relationships are discussed and summarised.
L. lemniscomys
000-0 00 0-00 00-0000111 (11) morphological characters, the bootstrapping results are of only approximate confidence (Kitching et al. 1998) . The permutation tail probability (PTP) test (Faith and Cranston 1991) was used for the evaluation of our cladogram. For a posteriori optimisation of the character state distribution we used the DELTRAN (delayed transformation) option, which favours parallelisms over reversals when the choice is equally parsimonious. Drawing and editing of the trees was done with TreeView 1.5.2 (page 1998).
The list ofcharacters and the data matrix are given in Tables 1 and 2 , respectively.
Bernice P. Bishop Museum, Honolulu, Hawaii The Natural History Museum, London, UK Field Museum of Natural History, Chicago, USA The Institut royal des Sciences naturelles de Belgique, Brnxelles, Belgium Museum d'Histoire Naturelle, Paris, France South Australian Museum, Adelaide, Australia Natur-Museum und Forschungs-Institut Senckenberg, Frankfurt, Germany National Museum of Natural History, Smithsonian Institution, Washington, DC, USA In the descriptions, aB measurements are given in micrometers (llm) and were taken as follows: length of the body =' total length from posterior border of idiosoma to the anterior extremity of the gnathosoma; width of the body = maximum width taken at whatever level it occurs; length of the dorsal shields = maximum length, measured in the median line ofthe shields; length/width ofthe incisions of the hysteronotal shield = maximum length/width taken at whatever level it occurs; length of the posterior legs = from the most basal point of the trochanter to the apex of the tarsus (excluding the ambulacrum); length of the tibio-tarsi = from most basal point of this segment to the apex of the tarsus (excluding the ambulacrum).
All specimens were measured, but in the species descriptions we used only the measurements of the type series or of the specially indicated series. When the measurements of some specimens considerably differed from those for the respective type series, these data were also mentioned.
We have used here the standard nomenclature of the idiosomal chaetotaxy for Listrophoroidea (Fain 1972b ). Host systematics is based on Wilson and Reader (1993) .
A cladistic analysis based on numerical parsimony was used for the study of the phylogenetic relationships between the species of the subgenus Marquesania. This analysis included all the valid species of the subgenus.
We estimated ancestral states using an outgroup analysis (Maddison et al. 1984) . The species of the subgenus Listrophoroides, L. rajah Fain inhabiting rats Maxomys rajah (Thomas) and M. surifer (Miller) from
Thailand was used as a close outgroup. This outgroup was not specified in our analysiso-At-the-same-time, the species of the African subgenus
Olistrophoroides Fain, 1972 , L. lemniscomys Radford inhabiting the mice of the genus Lemniscomys Trouessart was chosen as a distant outgroup and it was specified in the analysis. Multistate characters were unordered. In total, the 15 taxa and 21 characters were included in the analysis. The data matrix was done using NEXUS Data Editor 0.5.0 (Page 2001) . The reconstruction of phylogenetic relationships of mites under study was performed with PAUP 4.0 beta version (Swofford 1998) for Windows. The maximum parsimony analysis was used for estimation of phylogeny.
The exact search algorithm (branch and bound) was used owing to the small number of taxa involved in this analysis. Successive weighting was performed according to the rescaled consistency index (RC) (Farris 1969) for finding maximally consistent trees (Platnick et al. 1996) . After the multiple equally parsimonious trees were found, strict consensus was applied because this type of consensus seems preferable for a relatively small number of obtained trees. Support for the branches oftrees was estimated by the standard bootstrap procedure with 100 replications using a heuristic searching strategy. However, we take into consideration that working with relatively scanty Belgique, Bruxelles. Material depositories are cited using the following codes:
Abbreviations
Genus Listrophoroides Hirst Subgenus Marquesania Womersley Marquesania Womersley, 1943: 13. Listrophoroides (Marquesania) , Fain, 1977: 292. Type species: Listrophorus cucullatus Trouessart.
Diagnosis
Body dorso-ventrally inflated. Legs III and IV inserted laterally. Coxae II widely separated from each other, with large clasping membranes, reaching the lateral borders of the body. Genu I with a spoon-like dorso-apical process, except in L. obliquelineatus Fain, comb. novo Femur I with a small retrorse process. Postscapular shield undivided. Scutal organs lacking. Hysteronotal shield well developed.
Female. Epigynium normally developed. Copulatory papilla lacking. Opisthogaster without lateral sclerotised bands. Opisthogastric shield variable in shape, without distinct margins.
Male. Hysteronotal shield with a pair of incisions between levels of setae 13 and d3. Penis shorter than postgenital shield. Postgenital shield well developed, in an inverted V or U. Anus with well-developed postanal V-shaped sclerite. Legs III and IV subequal or legs IV distinctly thickened.
Remarks
Based on this revision, the subgenus Marquesania includes at present 13 species associated with rats ofthe genus Rattus Fisher and allied genera in the Oriental region, New Guinea and Australia. Initially, the genus Marquesania was described by Womersley (1943) for Listrophorus expansus Ferris, but Domrow (1958) synonymised this genus with Listrophoroides Hirst. Fain (1972a) synonymised L. expansus and L. tragardhi Radford with Listrophoroides cucullatus (Trouessart) . He also redescribed and redepicted this species and designated a lectotype male-for it. In 1977, Fain restored the taxon Marquesania, but as a subgenus of Listrophoroides.
Among the 16 subgenera of Listrophoroides, Marquesania is closest to the nominative subgenus. The subgenus Listrophoroides includes at present 47 species,' all associated with tropical rodents ofthe families Muridae and Cricetidae (Fain 1981, Bochkov and Mironov 2001) . The subgenus Marquesania clearly differs from it mainly by the much larger size of the clasping membranes covering the coxae II and reaching the lateral margin of the body, while in Listrophoroides s. str. they are always separated from these margins by a finely punctate area. In addition, in most species of Marquesania the genu I in both sexes bears a dorso-apical process (absent 'in Listrophoroides s. str. and in L. (M.) obliquelineatus). The male differs by the shape of the postgenital shield and by the presence of a postanal sclerite. (Trouessart) (Figs 1-6) Listrophorus cucullatus Trouessart, 1893 : 699. Complete bibliography in Domrow (1992 . 
Listroplwroides (Marquesania) cucullatus

Material examined
Remarks
This species was described from R. norvegicus in an undetermined region ofAsia (Trouessart 1893) . Fain (l972a) redescribed and figured this species from the type series, designated its lectotype and discussed synonymy.
Listrophoroides cucu/latus is widely distributed among numerous endemic rats of the Oriental region and New Guinea. It is also common on the cosmopolitan R. norvegicus and R. rattus, but apparently only in warm countries (e.g. Surinam). Its findings on Lemniscomys striatus (L.) from Uganda, Tatera indica (Hardwicke) from Ceylon (Radford 1940) and Echymipera sp. in New Guinea (Fain 1972b) were, probably, accidental.
There are some morphological differences between the New Guinean-Solomon Islands populations and the other populations of L. cucullatus. In the New Guinean-Solomon Islands specimens the body is 335-350 long in males and 380-420 long in females. Moreover, in the males the scales behind setae 13 are usually lacking. Listrophoroides papuanus Fain, 1970: 284; 1972b: 175-178 
Listrophoroides (Marquesania) papuanus
Remarks
This species was briefly described from Conilurus penicillatus in N. Australia (Fain 1970) . Later on, it was described in detail and figured (Fain 1972b ). The specimens from Pseudomys nanus differ from those from the type host by the smaller body: 400-415 long and 135-145 wide in males and 430-435 long and 155-160 wide in females.
The records of this species from other hosts were probably results of misidentification. The specimens from Rattus leucopus (Gray) in N. Queensland (Fain 1972b ) actually belong to 1. crenator Fain, stat. nov., those from R. leucopus in New Guinea (Fain 1981) 
Diagnosis
Process of genu I lacking, clasping membranes of coxae 11 reaching the lateral margin of the body only in their anterior half. Postscapular shield omamented only in lateral parts.
Male. Incisions of hysteronotal shield small, scales behind setae 13 lacking. 
Remarks
This species was briefly described as a subspecies of L.papuanus from Rattus sp. in Javarere (New Guinea) (Fain 1975) . Later on, Fain (1977) raised this subspecies to the species rank, he depicted this species and transferred it into the subgenus Listrophoroides. In a subsequent publication
Figs 11-13. Listrophoroides (M.) obliqllelineatus Fain, comb. nov., female. 11, Dorsal view;  12, opisthosoma in ventral view; 13, clasping membrane of coxa n. Scale bar= 0.1 mm. Fain (1981) completed the figures of this species and discussed its taxonomical position. According to this author (Fain 1981) 
This species is closest to L. obliquelineatus but clearly differs from it by the following characters. In both sexes of 1. mordax, sp. novo the clasping membranes of coxae II reach the lateral margins of the body in their posterior as well as anterior half, the process of the genu I is well developed. In the male the postscapular shield is ornamented only in anterior third, the hysteronotal shield is ornamented between the anterior margin and the level of setae d2, the incisions of the hysteronotal shield are well developed; the scales behind setae 13 are present. In the female the postscapular shield is completely covered with short curved lines, the hysterosomal shield bears 8-11 strong transverse lines.
In both sexes of L. obliquelineatus the clasping membranes of the coxae II reach the lateral margins of the body only in their anterior half, the process of the genu I is lacking, the postscapular shield is ornamented only in the lateral part. In the male the hysteronotal shield is ornamented from the anterior margin to the level ofsetae d3, the incisions of the hysteronotal shield are small and the scales behind setae 13 are lacking. In the female the hysteronotal shield bears 6 rows of short curved lines.
The holotype ofRattus ruber, second host of this species, is, actually, a specimen of the introduced Rattus nitidus (Hogson) (Wilson and Reader 1993) . These rats are distributed in the South-east Asia but they are absent from New Guinea. The three valid New Guinean species, Rattus steini Rummler, R. praetor (Thomas) and R. mordax, were initially described as three different subspecies of R. ruber. Therefore, the mites collected from ?R. ruber, actually, can originate from everyone of these hosts. Fain, Listrophoroides papuanus crenatus Fain, 1975: 185; 1977: 294-295, figs 21-22. 
Listrophoroides (Marquesania) crenatus
Material examined
Remarks
This species was briefly described as a subspecies of L.papuanus from ?R. ruber in N. E. Wau (New Guinea) (Fain 1975) . Later on, Fain (1977) illustrated this subspecies. We have re-examined a large series of these mites and consider now that 1. crenatus is a separate species, clearly distinct from L. papuanus by the specific ornamentation of the postscapular shield in both sexes, the presence of scales behind the setae 13, the small incisions of the hysteronotal shield in male and by some other characters.
The discussion about the taxonomical status of its type host species, ? R. ruber has been given above (see 1. obliquelineatus). Fain, Listrophoroides papuanus interpolatus Fain, 1975: 184; 1977: 293-294, fig. 293 .
Listrophoroides (Marquesania) interpolatus
Material examined
Holotype. 0 from St. niobe (BPBM 68000): New Guinea: West Irian, Ertsberg, 29.iv.l973 (BM).
Paratypes. e;>, same data as holotype, from host (BPBM 67998); 20,3 e;>, same data as holotype, from host (BPBM 1607) (IRSNB).
Non-type specimens (all in IRSNB). New Guinea: West Irian: 7 e; > from M. moncktoni (BPBM 61318), Ertsberg, 4.v.1973 
Diagnosis
Small mites.
Female. Postscapular shield covered with six transverse rows oflines, transverse lines in anterior part ofhysteronotal shield straight, distance d3-d3 1.8-2.5x longer than distance between d3 and posterior margin ofhysteronotal shield.
Male. Postscapular shield completely covered with 5--6 interrupted transverse lines, hysteronotal shield ornamented between anterior margin and level of setae d3, incisions of hysteronotal shield well developed, scales behind setae 13 present, projections behind genital organ in an inverted V (Fig. 27) . 
Remarks
This species was described as a subspecies of1. papuanus from Stenomys niobe in West Irian (New Guinea) (Fain 1975) . We have re-examined a large series ofthese mites and 24 believe now that 1. interpolatus is a separate species, clearly distinct from 1. papuanus mostly by the small body sizes in both sexes, the ratio d3-d3 and d3-posterior margin of hysteronotal shield distances in female and by the presence of scales behind the setae 13 in male.
Several specimens (2 C!, 
Diagnosis
Female. Postscapular shield with seven transverse lines, the transverse lines in the anterior half ofhysteronotal shield curved in their lateral parts, the first line connected with the anterior margin of this shield by a pair of short longitudinal lateral lines (Fig. 28) , distances d3-d3 and d3-posterior margin ofhysteronotal shield subequal.
Remarks
This species is closest to L. interpolatus but differs from it by the following characters. In the male ofL. melomys, sp. novo the incisions of the hysteronotal shield are small and the scales behind setae 13 are lacking. In the female the distances d3-d3 and d3-posterior margin ofthe hysteronotal shield are subequal.
In the male of L. interpolatus the incisions of the hysteronotal shield are well developed and scales behind setae 13 are present. In the female the distance d3-d3 is 1.8-2.5x longer than distance d3-posterior margin of the hysteronotal shield.
Listrophoroides (Marquesania) queenslandicus (Womersley) (Figs 32-35)
Marquesania expansa var. queenslandica Womersley, 1943: 15. Complete bibliography in Domrow (1992) .
Material examined
Lectotype. 'jl from Rattus sordidus (Gould): Australia: Queensland, Cowan Cowan, ix.1938 (SAM) .
Paralectotype. 0, same data as holotype (SAM). 
Non-type specimens (all in IRSNB
Remarks
This species was described from R. sordidus (= youngi) in Queensland (Womersley 1943 ). Fain (1972b redescribed L. queenslandicus from the type series and designated lectotype. Domrow (1958) collected it from Uromys caudimaculatus (Kreffi) in North Queensland. However, this record requires a confirmation. The record of this species from the marsupial Cercartetus concinnus (Gould) in Australia (Fain and Lukoschus 1981) is, obviously, accidental.
Listrophoroides (Marquesania) australiae Fain (Figs 36-39)
Listrophoroides australiae Fain, 1970: 283. 
Material examined
Holotype. 0 from Antechinus stuartii Macleay (= Phascogale unicolor) (BMNH 26.3 .1 1.268.76): Australia: New South Wales, Guy Fawkes (IRSNB).
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Figs 32-33. Listrophoroides (M.) queenslandicus (Womersley) , female. 32, Dorsal view; 33, opisthosoma in ventral view. Scale bar = 0.1 mm.
Invertebrate Systematics
A. V. Bochkov and A. Fain Paratypes. I J, I <j>, same data as holotype (IRSNB).
Non-type specimens (all in IRSNB)
. Australia: 40-, 7 <j> from Rattus futreofus (Gray) , New South Wales, Guy Fawkes; 10-from R. juscipes , Peasson Island; 3<j> from R.juscipes (BMNH 36.12.8.1-3), Eskdale; 2 <j> from R. juscipes, Tidal R., 6.v.1970, 20, I <j> from R. juscipes , Guy Fautis.
Diagnosis
Large mites. Ornamentation of postscapular shield completely lacking.
Male. Hysteronotal shield without ornamentation, incisions of hysterosomal shield well developed, scales behind setae 13 present. 
Remarks
This species was briefly described from Antechinus stuartii in Australia (Fain 1970) . Later on, Fain (l972b) synonymised this species with L. queenslandicus. However, L. australiae is distinguished from the latter by the lack of ornamentation on the postscapular shield in both sexes and on the hysterosomal shield in the male. Both species may occur in the same locality (for example, Victoria, Australia) and from the same host species (R.juscipes), therefore the differences between them are not in relation with their geographical distribution. Thus, we think now that L. australiae is a distinct species.
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Antechinus stuartii in Australia (Fain 1970) was, probably, an accidental host for this species.
Listrophoroides (Marquesania) postsquamatus Fain (Figs 40-43)
Listrophoroides (Marquesania) postsquamatus Fain, 1976: 63; 1981: 107-108 
Diagnosis
Female. Posterior half of opisthonotum covered with numerous scales, setae ai long.
Male. Lateral margins of hysteronotal shield unclear and its incisions not distinct, scales behind setae 13 numerous.
Description (based on specimens from type host)
Female ( 
Remarks
This species was briefly described from R. everetti in the Philippines (Fain 1976) . Later on, Fain (1981) 
Diagnosis
Female. Postscapular shield with a few straight short lines, situated in disorder, hysteronota1 shield with 8-9 furrows, extending from the anterior margin to level of setae d3, distance d3-d3 1.5-1.7x longer than distance between d3 and posterior margin ofhysteronotal shield.
Male. Postscapular shield with a few short straight lines in lateral parts, hysteronota1 shield without ornamentation, incisions of hysteronotal shield well developed, scales behind setae 13 lacking. 
Remarks
This species was described from S. muelleri in Malaysia (Fain 1981 
Diagnosis
Female. Postscapular shield with strong curved lines in lateral parts and five poorly distinct transverse lines in median part, hysteronotal shield with 7-8-transverse lines, curved in their lateral parts, this ornamentation does not reach level of setae d3, distance d3-d3 1.5x longer than distance d3 and posterior margin of hysteronotal shield, opisthogaster without median scales.
Male. Postscapular shield with same ornamentation as in female, hysteronotal shield without ornamentation, incisions ofhysteronotal shield small, scales behind setae 13 lacking. .~. 
tA-J
Remarks
This species has been described within the subgenus Listrophoroides s. str. from Paruromys dominator in N. Celebes (Fain 1981) . However, the clasping membranes of coxae II in L. dominator are well developed as in the other species of the subgenus Marquesania, moreover the genua I of this species have the process. These processes are lacking in all the other species of the nominative subgenus but are characteristic of the latter subgenus. Therefore, we here transfer this species into the subgenus Marquesania.
The species Listrophoroides compactus Fain was described from the same locality as L. dominator but from another host, R. xanthurus (Fain 1981) . According to Fain (1981) , there is only a single difference between these species: the projections ofthe postgenital shield, which are fused with the anal sclerite in L. compactus. However, in some males from the type series these projections are separated from the anal sclerite, and hence, this character is variable. All the other characters, including measurements, are similar in these two species. We consider, therefore that L. compactus, syn. novo is a junior synonym ofL. dominator. species is supported by two male characters: 10 (scales behind setae 13 present) and 14 (genital shield shape as inverted U). Among the characters chosen for the analysis, 2, 4, 5, 7 and 9 undergo reversion in different species, and six characters (5, 7, 9, 10, 11, 16) have the Cl indices less than 0.5. Successive weighting showed that the weight of the character 12 (setae ai longer than other hysterosomal setae in female) is 0, and the weights of four characters 9 (lateral incisions of hysteronotal shield well developed in male), 10 (scales behind setae 13 present in male), 11 (distance d3-d3 longer than distance between d3 and posterior margin of hysteronotal shield in female) and 16 (minimal observed body length more than 450 flm in female and 410 flm in male) are 0.375, 0.417, 0.5 and 0.375 respectively. The weight of all the other characters is 1. The search after re-weighting yielded only six most parsimonious trees (tree length = 24.45833, CI= 0.6969, HI= 0.3031, RI= 0.7925 and RC= 0.6210. The structure ofthe strict consensus for the re-weighted trees (Fig. 58 ) allows us to recognise the same general pattern as in the initial analysis. It should be noted that the most of the Oriental species, such as 1. lativentris, L. sculpturatus and L. dominator are at base of the Marquesania cluster.
The small set of characters explains the relatively weak support of most branches by the Bootstrap analysis. However, the node marking the Marquesania cluster has 100% support and the node joining the species L. cucullatus and 1. interpolatus has 67% support. The PTP test showed The initial parsimony analysis produced 82 equally parsimonious trees (tree length = 34, consistency index (CI), excluding uninformative characters = 0.5926, homoplasy index (HI), excluding uninformative characters = 0.4074, retention index (RI) = 0.7027 and rescaled consistency index (RC) = 0.4754). The strict consensus of these trees (Fig. 57) supports the monophyly of the subgenus Marquesania. The node joining all species ofthis subgenus is marked by the eight synapomorphies: 2 (process of genu I present), 0 (coxal membranes n reaching the lateral borders of the body), 5 (furrow ofcoxae In present), 7 (ornamentation ofhysteronotal shield present in male), 8 (lateral incisions of hysteronotal shield present in male), 13 (genital shield with very deep median incision in male), 15 (anal shield present in male) and 17.2 (opisthogaster of female well sclerotised, with lateral bands). Within the the Marquesania clade, the 1. cucullatus and L. interpolatus are sister species, while the other ones form an unresolved polytomy. The node joining these two that the null hypothesis (absence ofthe c1adistic covariation) could be rejected at the high significant level (P < 0.001).
Discussion
Pilicolous specialisation has induced a strong specificity in mites, especially in Listrophoroidea (Astigmata) (Fain 1994) . This high specificity may be explained, at least in part, by the mode of life of these mites, which are permanent parasites and achieve their entire development on the same host. However, atopomelid species, and especially Listrophoroides, are generally more oligoxenous than monoxenous in their host range and they are regularly encountered on several closely allied hosts. Specificity and host-parasite parallel-evolution in Atopomelidae are well marked at the generic level. Most of the genera of this family are associated with a well-defined taxonomical group of hosts (Fain 1981; Fain and Hyland 1985) . The subgenus Marquesania is restricted to Murinae from the Oriental, New Guinean and Australian regions with the exception ofthe two cosmopolitan host species R. rattus and R. norvegicus (see Table 3 ). The records of these mites from Gerbillinae (Domrow 1958) or marsupials (Fain and Lukoschus 1981) were probably accidental and could be explained by mechanical contamination during collecting in the field or by contaminations in the museums where the rats are housed. Furthermore, atopomelids are well-sclerotised mites and like some other ectoparasites, e.g. feather mites (Acari:survive in the absence of their host for several days or weeks.
